Introduction
It is generally accepted that endurance exercise training can, over time, decrease resting blood pressure (BP) in hypertensive and borderline hypertensive individuals. 1 However, since Fitzgerald 2 suggested that an acute bout of exercise may also aid in transiently decreasing BP during the post exercise period, few researchers have attempted to determine the characteristics of an exercise bout that is necessary to elicit this post exercise hypotension (PEH).
In examining the effects of exercise intensity on PEH, the majority of studies have utilised submaximal cycle ergometry protocols at intensities which have ranged between 40 and 100% of maximal exercise, as indicated by measurements of V · O 2 , heart rate reserve or predicted maximal heart rate. [3] [4] [5] [6] [7] [8] [9] [10] Treadmill exercise at similar intensities has also been shown to elicit PEH. Direct comparisons of the effect of exercise intensity on PEH have been limited to 40 and 70% of maximal exercise. In a hypertensive population, Pescatello et al, 6 found no difference in the magnitude of PEH observed following 30-min bouts of cycle ergometry at these intensities. This PEH was absent their normotensive population. Brown et al, 11 using in a resistance exercise protocol Given the presence of respiratory waves, Mayer waves and inter-experimenter variability, the accuracy of these auscultatory measurements may be questionable. The above studies are not conclusive in determining both the existence of PEH in a normotensive population and the possible effects of exercise intensity. This may be due to the auscultatory measurement techniques used. Using intra-arterial BP monitoring, we have recently documented similar pressure decrements after each of 15 min of unilateral seated leg press at 65% 1RM and bilateral cycle ergometry at 65% of V · O 2 Peak 12 in a normotensive population. Therefore, it was felt that before further mechanistic studies are undertaken, it is important to accurately describe the exercise conditions that elicit PEH using continuous monitoring techniques. The purpose of this study was, therefore, to determine the effects of different exercise intensities on the magnitude of the post exercise hypotensive response using a continuous BP monitoring technique in a normotensive population.
Subjects and methods

Finapres validation
During this study, the Finapres (Ohmeda, Louisville CO, USA) BP monitor was used. Although numerous researchers (eg, Parati et al 13 and Van Egmond et al 14 ) have previously validated the Finapres, we also performed comparisons with simultaneous intra-arterial measurements. In our experience, resting Finapres measurements slightly but consistently under-estimated intra-arterial recordings (Ͻ10%) but tracked the pressure waveform remarkably well. This under-estimation was more pronounced in the diastolic readings. This held true during any activity of mild to moderate intensity in which the upper body was static (ie, static and dynamic leg press and Valsalva manoeuvre). During transition to dynamic endurance exercise (ie, rest to cycling) the Finapres tracings were erratic and did not accurately reflect intra-arterial values. Similarly, steady state, dynamic cycling produced values which sporadically misrepresented intra-arterial recordings (MacDonald JR and MacDougall JD, unpublished observations). However, for rest and seated recovery from cycle ergometry, the Finapres was found to provide an accurate representation of BP trends. Since the exercise BP measurements were not considered representative of the true pressures achieved during cycle ergometry they are not reported here.
Preliminary testing
Prior to the study, subjects' maximal oxygen uptake (V · O 2 Peak ) was determined using an incremental cycle ergometry test as previously reported. 12 All subjects also provided typical 4-day diet records (3 weekday, 1 weekend day). From these, average daily caloric intake was estimated and habitual diets were designed to be ingested on the day previous to testing and the testing day. These diets approximated each subject's average caloric content and restricted the consumption of stimulants and depressants known to affect BP (eg, caffeine and alcohol). Additionally, on those days, activity was minimal and consistent between trials.
On five separate days, participants were required to undergo resting Finapres BP measurement after a seated period of 20-30 min. The five systolic and five diastolic BPs were averaged and 1 standard deviation (s.d.) was calculated. If, during one of the experimental trials, initial resting pressure (either systolic or diastolic) was not within 1 s.d. of the subject's pre-trial average, the test was terminated and rescheduled for another day.
Subjects
Ten normotensive, recreationally active participants (4 female, 6 male) aged 35.0 ± 16.3 (mean±s.d.) years, with a mean height of 175.0 ± 11.7 cm and a mean weight of 76.4 ± 14.6 kg volunteered to participate in the study. Average baseline BP was 132(±17)/75(±14) mm Hg for systolic and diastolic pressure respectively. The McMaster University Human Ethics Committee approved this study, and subjects were advised of any risks associated with the protocol and provided written informed consent.
Methods
Participants completed a sub-maximal cycling protocol on two separate days. On each occasion, after a 4 h fast, the subjects reported to the laboratory and remained quietly seated for ෂ30 min. They then underwent resting Finapres BP measurements. The Finapres transducer was supported at mid-sternal level and coupled to an on-line data acquisition package (Windaq/200, DataQ Instruments Inc, Akron, OH, USA) sampling at a frequency of 300 Hz. Calibration of the Finapres was completed using an internal calibration sequence as well as a mercury manometer. The transducer was calibrated to show a linear response between 0 and 300 mm Hg. Testing was conducted in a randomised, repeated measures design such that each subject performed 30-min bouts of cycle ergometry at power outputs which elicited 50 and 75% of V · O 2 Peak , in a randomised order. Prior to and following exercise, subjects remained quietly seated in a thermo-neutral environment (23°C, 50% humidity). Finapres BP was monitored continuously throughout the session with 2-min windows recorded at rest, 5, 10, 15, 30, 45 and 60 min post exercise for subsequent analysis. During the 75% intensity trial, finger tip blood samples were taken at rest, immediately after 30 min of exercise and subsequent to the 10, 30 and 60 min post exercise pressure monitoring time point for the determination of haematocrit (Hct).
Oxygen consumption (V · O 2 ) was monitored periodically during exercise and during recovery at the time points listed above.
Analysis
Blood pressure waveforms were analysed using the Windaq data analysis program (DataQ Instruments Inc). Systolic (SBP) and diastolic BP (DBP) were calculated as the highest point and lowest point prior to the last inflection point in the waveform, respectively. The quotient of the integrated pressure and the duration of the time interval determined mean arterial pressure (MAP). All BP and oxygen consumption variables were assessed using single, two-factor repeated measures analyses of variance (ANOVA) with trial and time of measurement as the repeated measures. Haematocrit was assessed using a single factor, repeated measures ANOVA with time of measurement as the repeated measure. The Tukey Honestly Significant Difference (HSD) method was used to identify the location of any significant differences. A probability level of P р 0.05 was considered statistically significant. All values are expressed as mean ± standard deviation.
Results
As shown in Figure 1 , SBP showed a significant main effect for time of measurement [(F(6,54) = 2.84, P = 0.02], with values at 5 through 15 min post exercise being significantly lower than baseline values. SBP was lowest 5 min post exercise (124 ± 15 mm Hg) and then gradually increased towards baseline values (132 ± 17 mm Hg) during the remaining 55 min. The intensity of exercise had no effect on the magnitude of this response.
The intensity of exercise also showed no significant effect on DBP. Across the two intensities however, DBP was significantly [(F(6,54) = 2.76, P = 0.02] reduced at 5 min post exercise and then again between 15 and 45 min post exercise. The largest decrement of 5 mm Hg was found 30 min after the cessation of exercise (75 ± 14 vs 70 ± 13 mm Hg). MAP (Table 1) occurred 15 min after exercise and was 6 mm Hg (93 ± 15 vs 87 ± 15 mm Hg).
As expected, there was a greater overall heart rate [(F(1,9) = 32.57, P Ͻ 0.01] during the 75% intensity trial above that achieved during the 50% intensity trial. Additionally, across both exercise intensities [ (F(8,72) = 146.92, P Ͻ 0.01], heart rate was elevated to ෂ86 (±14) beats per min at 5 min post exercise from the resting value of ෂ71 (±7) beats per min after which, it steadily declined. Baseline values were reestablished by 45 min post exercise. Post hoc analysis also identified a significant interaction [(F(8,72) = 16.22, P Ͻ 0.01], in that at all time points following exercise, heart rate was increased during the 75% intensity trial above that found during the 50% intensity trial ( 
Discussion
This study has documented that both mild (50% V · O 2 Peak ) and moderate (70% V · O 2 Peak ) intensity exercise elicit similar magnitudes of PEH in a normotensive population. Auscultatory techniques have elicited mixed results of PEH in a normotensive population. 6, 8, 11 This may be due to the inability of those methods to detect the oscillatory nature of BP. As we have previously shown using direct measurement of BP, 12 this study confirms the existence of PEH in a normotensive population, although the decrements found here (ෂ8/5 mm Hg) are of lesser magnitude than those often seen with a hypertensive population. 15 This may be interpreted as suggesting that hypertensive individuals may receive a greater benefit from an acute bout exercise than the subjects in the present study.
Additionally, we have demonstrated that otherwise identical bouts of cycle ergometry at power outputs eliciting 50 and 75% of V · O 2 Peak evoke similar magnitudes of PEH. Although Pescatello et al. 6 found similar results for hypertensives exercising at 40 and 70% of maximal endurance exercise, the results presented here are contradictory to previous reports found in normotensives. These results lend support to earlier work from our laboratory indicating similar pressure decrements after 15 min of unilateral leg press resistance exercise at 65% 1RM and cycle ergometry at 65% of V · O 2 Peak 12 and the results of Brown et al. 11 showing similar BP responses after 40 and 70% of maximal resistance exercise. Both of these studies involved normotensive volunteers.
It is apparent that there is a complex matrix of interactions that determine the occurrence of PEH. Although both SBP and DBP were reduced in the present study, the duration of the drop was longer DBP. It is generally found that SBP demonstrates the 
‫ء‬
Indicates data is significantly elevated from baseline.
larger decrement as well as the longest duration 6 in a hypertensive population. However, some evidence has suggested that in the normotensive population, the DBP response may be more prolonged 16 as found here.
In the present study the pattern of hypotension is such that BP drops shortly after the cessation of exercise and either trends back towards baseline values over the rest of the hour (SBP) or generally remains depressed until a return to baseline at the end of the hour (DBP and MAP). This is in contrast to data from our laboratory for a normotensive population which displayed a gradual drop in SBP and MAP from the cessation of exercise until 30 min post exercise and then a gradual return towards baseline 12 (MacDonald and MacDougall, unpublished observations).
Although it was not the purpose of the present study to examine the causal mechanisms of PEH, based on our data some possibilities may be dismissed. Since haematocrit had returned to resting levels by 10 min post exercise and the hypotension persisted until 45 min post exercise, a shift of plasma volume causing a decreased total blood volume and subsequent drop in pressure does not appear to be responsible for the decline in BP. We have also examined the effect of maintaining a static body position on BP for the 60 min post exercise period. Finapres and intra-arterial measurements indicated that 75 min of resting in a seated position, on its own (ie, without being preceded by exercise) did not result in a decline of BP 12 (MacDonald JR and MacDougall JD, unpublished observation).
Skin and rectal temperatures were not measured in this study, but the moderate intensity and short duration of exercise would suggest that thermoregulatory processes are not the cause of the PEH. Franklin et al 5 has demonstrated that 30 min of cycle ergometry at 70% V · O 2 Peak in a thermo-neutral environment (as in the present study), elicited a skin temperature which was actually decreased shortly after exercise, arguing against cutaneous vasodilation as the cause of PEH in the present study. Although more work is warranted to accurately describe the characteristics and mechanisms of PEH, it seems plausible that acute exercise may aid in the non-pharmacological control of hypertension. It appears that the intensity of exercise need not be greater than 50% V · O 2 Peak . This intensity could be equated to a brisk walk, which is a readily attainable exercise for most hypertensive individuals. Recent evidence has suggested that PEH may persist for up to 17 h 16 (Dr J Hagberg, personal communication). If this duration of response is achieved with the exercise indicated here, a series of moderate exercise sessions at a mild intensity (50% V · O 2 Peak ) spaced throughout the waking hours may be an effective addition to the treatment of hypertension.
